Macrophage activation syndrome (MAS) is a rare and potentially fatal condition characterized by excessive activation and uncontrolled proliferation of T lymphocytes and macrophages, leading to overwhelming systemic inflammation and cytokine release. MAS has been reported with viral infections, autoimmune disorders, malignancies, and medications. We describe a case of a patient with axial spondyloarthritis (axSpA) treated with adalimumab, who presented with MAS.
To the Editor:
Macrophage activation syndrome (MAS) is a rare and potentially fatal condition characterized by excessive activation and uncontrolled proliferation of T lymphocytes and macrophages, leading to overwhelming systemic inflammation and cytokine release. MAS has been reported with viral infections, autoimmune disorders, malignancies, and medications. We describe a case of a patient with axial spondyloarthritis (axSpA) treated with adalimumab, who presented with MAS.
Case report
A 34-year-old Middle Eastern man with long-standing HLA-B27-positive axSpA on adalimumab presented with several days of persistent fevers. AxSpA had been diagnosed on the basis of a history of recurrent iritis, patellar tendon enthesitis, and inflammatory lower back pain. The back pain, although initially responsive, became refractory to non-steroidal antiinflammatory medications and a sacroiliac joint steroid injection. Adalimumab was started in April 2018, and for the next Rahaf Baker and Jean W. Liew contributed equally to this work.
KEY POINTS • MAS is a rare condition of systemic inflammation with high mortality; having a strong index of suspicion can lower mortality in these patients.
• Medications, including TNF inhibitors, should be considered as possible triggers for MAS.
• Consider high-dose steroids and anakinra, either alone or in combination, for the treatment of MAS. If a medication is suspected, remove the offending agent.
2.5 months, he had dramatic improvement in his inflammatory back pain, and no extra-articular manifestations. In June 2018, he presented to the hospital and endorsed 4 days of high fevers with mild lower chest discomfort and cough. He described unremitting fevers that occurred multiple times daily, which were associated with significant weakness and rigors. The review of systems was otherwise negative. He had no other pertinent past medical history or medications. His family history was non-contributory. His social history was notable for moving to the USA from Saudi Arabia 10 years ago with recent, frequent travel around the USA and Mexico. He had traveled to Las Vegas for a work conference a few days prior to his presentation.
On admission, his temperature was 40.2°C, blood pressure was 129/68 mm/Hg, and pulse was 60 beats per minute. He was ill-appearing and his physical exam was otherwise only notable for splenomegaly with tenderness on palpation. His initial labs revealed lymphopenia (absolute lymphocyte count 650 cells/μL), mild anemia (hemoglobin 12 g/dL), thrombocytopenia (132,000 cells/μL), and transaminitis (AST 53 U/L, ALT 76 U/L). Erythrocyte sedimentation rate (ESR) was 42 mm/h and C-reactive protein (CRP) was 202 mg/dL. An extensive infectious disease workup was undertaken, with all tests reported as negative (Table 1) . Computed tomography (CT) of the chest, abdomen, and pelvis showed mild splenomegaly with residual thymic tissue and no lymphadenopathy.
After a week of hospitalization, the patient remained febrile despite treatment with antipyretics. He developed a transient, faint, erythematous maculopapular rash over his trunk.
Further labs demonstrated elevated ferritin (2312 mg/dL), fibrinogen (871 mg/dL), and triglycerides (289 mg/dL). CRP peaked at 400 mg/dL. A diagnosis of MAS was considered. On the seventh day of hospitalization, he was started on anakinra 100 mg twice daily without adequate fever control; thus, oral prednisone 60 mg daily was added. He quickly defervesced with improvement of his condition, labs, and inflammatory markers (Fig. 1) . A bone marrow biopsy, which was obtained on hospital day 7, showed erythroid hyperplasia and hemophagocytic histiocytes without evidence of malignancy (Fig. 2) . Soluble interleukin-2 receptor levels, however, were low. After an 11-day hospitalization, he was discharged on prednisone 60 mg daily and anakinra 100 mg once daily. Adalimumab was completely discontinued. Upon outpatient follow-up, he had continued symptomatic improvement with normalization of the ESR, CRP, ferritin, and fibrinogen. He was tapered off prednisone over 2 months but his inflammatory back pain returned.
Discussion
MAS is a potentially fatal syndrome that can present in patients with inflammatory conditions and is considered to be similar to hemophagocytic lymphohistiocytosis (HLH) [1, 2] . The finding of abundant activated hemophagocytic macrophages, or histiocytes, has led to their classification as a histiocytic disorder [3] . The underlying pathogenesis of MAS is poorly understood, but it is proposed to be triggered by an [4] . The resultant overwhelming cytokine storm drives phagocytosis of blood cell precursors and the infiltration of macrophages into tissues, causing multiorgan dysfunction. Currently, there are no diagnostic criteria for MAS in adults, and the proposed classification criteria rely on our understanding from the pediatric population [1] . The findings of high fevers, cytopenias, hyperferritinemia, and hypertriglyceridemia should alert the clinician to the possibility of MAS.
Although significantly elevated ferritin is specific for HLH in pediatrics, it is not as specific to HLH or MAS in the adult population [5] . Evidence of hemophagocytic cells on bone marrow biopsy is not required for diagnosis and is not always found on presentation in MAS.
The most consistent diagnosis for our patient was MAS, as he had high persistent fevers without an infectious cause, lymphopenia and anemia, marked hyperferritinemia, hypertriglyceridemia, splenomegaly, and the presence of hemophagocytes on bone marrow biopsy. The diagnosis of [6] . The leading explanations for his MAS were adalimumab, an undetected viral infection, or his underlying axSpA.
Infection, particularly viral, is the most common reported cause of MAS cited in the literature [2] . Our patient had extensive infectious workup that was negative; however, his MAS may have been triggered by an undetected virus. In rheumatologic conditions, MAS has been associated with underlying activity of systemic juvenile idiopathic arthritis and AOSD, and in rare cases of systemic lupus erythematosus [1] . SpA is rarely associated with MAS; only three were found in our review of the literature ( Table 2 ). Of these three cases, only one occurred in the absence of TNF inhibitor use or clear source of infection [7] . Our patient had well-controlled SpA that was stable prior to presentation; therefore, we felt that SpA was a less likely trigger for his MAS.
Recently, MAS has been reported more frequently in association with TNF inhibitor use, although it is unclear whether this is due to heightened clinician awareness or increasing incidence. On our literature review, we found 10 reports of MAS associated with etanercept, infliximab, or adalimumab (Table 3) . Of the two cases that described the timing of MAS relative to TNF inhibitor administration, one was in a patient with RA 2 months after discontinuation of etanercept, and one was in AoSD 2 months after initiation of adalimumab [12, 14] . Four of the cases reported had associated infections, including visceral leishmaniasis, disseminated histoplasmosis, liver abscess, or primary EBV, which were felt to be the primary trigger for MAS, though the TNF inhibitor was implicated as a contributing risk factor for the infection [8, 13, 15] . It is plausible that adalimumab triggered MAS in our patient as he presented at 2.5 months after initiation of adalimumab, which is consistent with the timeline from other case reports, and he had no obvious infection.
The pathogenesis of MAS secondary to TNF inhibitors is unknown. These medications have been successful in treating some refractory cases of MAS, but their use may also rarely induce or aggravate autoimmune diseases, or trigger MAS in the setting of infection [1] . It has been proposed that TNF inhibitor blockade of macrophage activity is coupled with a compensatory immune system activation and rebound cytokine response [16] . This leads to an overall immune system dysregulation and may trigger hemophagocytosis. The explanation for this paradoxical effect on immune response will require further research.
As for the treatment of MAS, we note that in MAS associated with TNF inhibitors only, six of the eight patients had clinical and laboratory improvement after treatment with highdose corticosteroids. Two patients died despite receiving highdose corticosteroids; however, these patients presented with severe or late systemic disease that was previously not well controlled on prednisone [9, 12] . In the cases of MAS with an associated infection, three of the four patients received highdose corticosteroids in addition to treatment of underlying infection, and all four patients responded well and survived [8, 13, 15] . In the three reported cases of MAS in SpA, all three patients received high-dose prednisone and clinically stabilized [7, 8] . Dual treatment with high-dose steroids and anakinra, an IL-1 receptor antagonist, induced remission in our patient. Both agents have been shown to rapidly induce remission and ameliorate the cytokine storm in refractory and severe cases of MAS [4] . Anakinra was trialed first in our patient given his prolonged and high fevers, but given the Healing of abscess *The TNF inhibitor was a likely risk factor for the infection, which likely triggered the onset of MAS EBV, Epstein Barr virus; PCR, polymerase chain reaction duration of symptoms and the likely presence of other cytokines besides IL-1, it alone was not sufficient in inducing remission.
In conclusion, it is important to recognize MAS as a possible life-threatening complication of autoimmune and inflammatory diseases. Currently, the diagnosis of MAS relies heavily on the pediatric diagnostic criteria, and the treatment on case reports and case series in adults. It is important to increase awareness of this rare disease among clinicians in order to prevent mortality and improve outcomes of these patients.
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